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For the purpose of developing energy-efficient white light sources, we need to
produce highly efficient yellow, green and red emission phosphors, which can absorb 
excitation energy from blue LEDs. In this paper, the luminescence of the thiogallate 
phosphors is revisited, and the results of producing a new green multiphase thiogallate 
phosphor {SrGa2S4 + MgGa2O4}:Eu
2+
with improved luminescence properties are
presented. Photoluminescence excitation (PLE) and emission (PL) spectra along with
Raman spectroscopy and X-ray diffraction (XRD) are analyzed to estimate the
nephelauxetic effect, crystal field splitting and Stokes shift depending on activators
surroundings. These results will be useful to evaluate the quality of the powders
prepared for different electronic devices. 
The multiphase green thiogallate phosphor {SrGa 2S4 + MgGa 2O4}:Eu
2+ is based on 
the two different crystallographic phases: {SrGa2S4} and {MgGa2O4}, prepared by solid 
state reaction at 900 -1000
0
C with a carbon reduction atmosphere for 4 h. The single
configuration coordinate model was used to fit the emission band of the considered
multiphase phosphor . We give an approximate simple expression for the shape function 
of the broad vibronic bands with allowance for the terms corresponding to the emission 
(absorption) from the both ground and first excited vibrational levels. Within this 
approximation we analyze the room temperature experimental data on the 4f-5d
transitions in thiogallates doped with Eu
2+
ions. We estimate the vibronic coupling 
parameters, Stokes shift and nephelauxetic effect for systems under study. The
theoretical results are in good agreement with the  experimental data.
The photoluminescence emission (PL) spectra of the investigated compounds 
doped with 6 mol % of Eu2+ at 300 K are presented in Fig.1. For both samples, the PL
spectra under excitation at 460 nm consist of a broad band in the visible range. The PL
peak for multiphase phosphor (2) is shifted to 539 nm in comparison with 535 nm for 
SrGa2S4 (1).  The spectral bandwidths at the full w idth at half maximum (FWHM) are 
44 nm (2) and 49 nm (1), correspondingly. No additional band due to the emission of 
Eu
2+
is observed. For the purpose of comparison, we used a commercial sample of 
SrGa2S4 (Sarnoff Co.) for our PL measurement in Fig. 1, which is known as the best 
green emitter of this type and has almost identical structure and optical properties with
our SrGa 2S4 sample.  Our new {SrGa 2S4 + MgGa2O4} sample clearly shows a better 
emission than the best commercial green emitter.
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Fig.1. Emission spectra of SrGa2S4:Eu
2+
(1) and 
{SrGa2S4 + MgGa2O4}:Eu
2+
(2) (λ exc= 460 nm)
The semiclassical description cannot satisfactorily explain emission spectral shapes 
and nonradiative transition probabilities. The quantum-mechanical descriptions based
on the single configuration coordinate model were used to fit the emission band of 
considered phosphors. Since the 4f-shell is well shielded the electron-vibrational
(vibronic) interaction within this shell is negligible so that the intensities of the vibronic 
satellites corresponding to 4f-4f transitions are small. On the contrary, 4f -5d transitions 
give rise to the broad vibronic bands whose shape-function can be described by the 
normalized “Pekarian” type spectral distribution that represents a series of the discrete 
lines[1,2] :
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In Eq.(1) ( )xI p  is the modified Bessel function, a  is the so-called heat release
parameter (shift of the dimensionless vibrational coordinate after photon absorption), 
( )ω−−δ p0ΩΩ  is the Dirac δ -function that describes  an individual non-broadened
vibrational line of  the dimensional frequency ( ) ω−= 0ΩΩp , 0Ω  is the frequency of 
the zero-phonon line, ω  is the frequency of the active vibrational mode.  If the
dispersion zone of the lattice vibrations is taken into account the shape function is 
smoothed that is achieved by replacing the δ -function by the Gaussian or Lorentzian 
bands. An alternative way to take into account the lattice dispersion is to omit the δ -
function and summation in Eq. (1) and to consider ( ) ω−= 0ΩΩp  as a continuous 
dimensionless frequency.  Although the exact shape -function gives full information it is 
worthwhile to use more simple low temperature limit. In the case of low temperature 
Pekarian can be simplified and reduced to the well known Poisson distribution [1,2]. If 
the temperature is low enough one can find the following normalized expression for the 
shape of the luminescence band:
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where 2aS =  is the Pekar-Huang-Rhys factor, the mean number of the phonons 
accompanying the optical transition. Eq. (2) involves the term ( ) !0 pSepF PS ⋅= −  that 
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remains in the T=0K limit [2] and describes emission from the ground vibronic level 
(Poisson distribution) and the low temperature correction that takes into account 
emission from the first vibronic level and gives more precise results at relatively low
temperatures ωh<kT . It should be noted that Eq. (2) provides a good accuracy if the 
temperature is low and the vibronic coupling is not very strong ( 1≤− kTeS
ωh
).
Usually, only the first term in Eq. (2) that is the Poisson type distribution is taken 
into account in consideration of the band shapes at low temperatures. From the physical 
point of view this means absorption (emission) originating from the fundamental
vibronic level in the initial electron-vibrational state. This approximation fails when the 
temperature is high enough as it takes place in the system {SrGa 2S4 + MgGa2O4}:Eu
2+
at
300K with .5.34 meV=ωh Under this condition the second term in Eq. (2)
corresponding to the emission (absorption) from both ground and first excited levels 
plays an important role. 
The best fits of the emission band for {SrGa2S4 + MgGa2O4}:Eu
2+
were obtained 
with a=8 (Huang-Rhys parameter S =a /2=4) and hvg=34.5 meV (Fig. 2).
The Huang-Rhys parameter S corresponds to a strong electron–phonon coupling 
and can be linked to the high symmetry of the emission bands for both samples. These 
values are in good agreement with those presented in literature for strontium thiogallate 
[3].
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Fig.2. Experimental (broken curve) and 
calculated using Eq.2 (circles) emission spectrum 
of the {SrGa2S4 + MgGa2O4}:Eu
2+ (6 mol %) at 
300 K under excitation at 460 nm.
Fig.3. Excitation and emission spectra of 
multiphase phosphor
{SrGa2S4+ MgGa2O4}:Eu
2+ at 300 K
By supposing in the first order approximation that the ground state parabola of the 
configuration coordinate model presents the same curvature as the excited state parabola, 
i.e. the phonon energy is the same for the 4f7(8S7/2) ground state as for the 4f
6(7F)5d
excited state (hvg =hve =hv), we can determinate the Stokes shift (ΔS). ΔS is related to 
the offset of the parabolas in the configuration coordinate diagram and ΔS is equal to 
(2S-1)hv. Calculated Stokes shift for multiphase {SrGa2S4 + MgGa2O4} powder is
ΔS=0.24 eV (1935 cm-1) and these data are similar to single phase SrGa 2S4.
The photoluminescence excitation (PLE) and emission (PL) spectra of the
investigated compounds are presented in Fig. 3.
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Fig. 3 shows that the excitation spectrum is composed of three main bands in the 
UV–visible range. PLE band A is ascribed to the transitions between the valence band 
and the conduction band of the host matrix. The two other PLE bands , B and C are 
ascribed to the 4f 7(8S7/2)-4f
6 (7F)5d transitions in Eu2+ electronic levels. This PLE
spectrum is similar to the spectrum of SrGa 2S4:Eu
2+
described by C. Chartier et al. [3].
Meanwhile, the emission spectrum can be fitted in a good approximation by a two
Gaussian curves (1 and 2) indicating dominant SrGa2S4:Eu
2+
emission at 535 nm and 
MgGa2O4:Eu
2+
 emission at 553 nm in Fig.3.
An almost mirror–image relationship seems to hold between the emission and the 
PLE spectra in the energy region between the two maxima (Fig.3). This relation is 
characteristic of a phonon-broadened emission and confirms the hypothesis we made 
previously; the mean phonon energy hv is the same for the 4f 7 (8S7/2) ground state as for 
the 4f
6
 (
7
F)5d (a1) excited state. We can determine the energy of the zero-phonon line E0
at the intersection of the emission and PLE spectra. From Fig. 3, we found E 0 = 2.41 eV, 
which corresponds to a wavelength of 514 nm (comparable with that given by
Eichenauer et al. [4] and Chartier et al. [3]). Unfortunately, the fine structure due to the 
spin–orbit coupling in the 4f6 configuration leading to the splitting of the 7F levels in to
seven levels (
7
FJ with J = 0-6) was not observed at room temperature The energy Eabs of 
the f-d transition from the ground state to the lowest level of the 4f
6
5d (a1), corresponds 
to the 
7
F0 level. Because this level is not resolved, we can only give an estimation of 
Eabs. By using the mirror–image relationship between the emission and the PLE spectra,
we have found E abs = 2.53 eV (490 nm). The energy of the transition from the 4f
7 (8S7/2)
ground state to the 4f6 (7F0)5d excited state decreases from the free ion value when the 
Eu2+ ion is brought into the crystal environment. The energy of the f-d absorption and of 
the d-f emission can be written according to the formalism of P. Dorenbos [5]: Eabs = 
Efree - D and E em= Efree –  D-ΔS; where Efree is the energy difference between the lowest 
4f
7
 level and the 4f
6
 (
7
F0)5d level for the free or gaseous ion, D is the energy decreased
also called redshift and ΔS the Stokes shift. The redshift energy D depends on the 
crystal environment and can be represented by a term, called the centroid shift or 
nephelauxetic (covalence) effect (ε c), concerning the shift of the average of the five 5d 
levels relative to the free ion value, and another term associated to the crystal field 
splitting (ε cfs). For Eu2+, Efree is known to be 4.19 eV [6]. The emission and PLE spectra 
provide the values of absorption and emission energies, Eabs = 2.53 eV and E em = 2.30
eV. The Stokes shift is then ΔS = E abs-E em= 0.23 eV (1900 cm-1) and the redshift D = 
Efree - Eabs = 1.66 eV (13 400 cm
-1). The Stokes shift is comparable with the value 
previously obtained by fitting the band emission (Fig. 2), 0.24 eV (1935 cm
-1
).
The lower redshift in SrGa2S4:Eu
2+
(D=13000 cm
-1
) compared with {SrGa2S4 +
MgGa2O4}:Eu
2+
, (13400 cm
-1
) is mainly explained by the lower nephelauxetic effect or 
centroid shift. 
The Sr element is less electronegative than the Mg element and the cation-anion
interatomic distance Sr-S in strontium thiogallate is larger (3.12 A) than Mg-O in
magnesium digallium oxide (2.05 A). The Sr-S bonds are then less covalent than the 
Mg-O ones and the nephelauxetic  effect is weaker in SrGa2S 4 than in MgGa2O4.
Stronger nephelauxetic effect (or centroid shift) replaces the peak wavelength from 535 
nm to 539 nm, which is very important for improving the color rendering index.
The other important parameter is the luminescence intensity that is determined by 
an activator incorporation degree. The total intensity in multiphase thiogallate phosphor 
{SrGa2S4 + MgGa 2O4}:Eu
2+ is increased and proved to be higher compare to the
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intensity of the best commercial SrGa2S4 phosphor for about 15% (fig.1). Moreover, the
multiphase ternary compounds with oxide phase are much more stable than ternary 
sulfides.
Our study confirms that {SrGa2S4 + MgGa2O4}:Eu
2+ phosphor is a suitable material
in lighting and display devices.
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